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Abstract 
Carbide slag modified using ultrasonic technology is used as the calcareous materials for the first time to prepare 
xonotlite via dynamic hydrothermal synthesis. This paper analyzes the effect of modification conditions on carbide 
slag activity, crystalline phase composition and morphology of xonotlite. The carbide slag activity and synthesized 
xonotlite are explored testing sedimentation volume, time of phenolphthalein erubescence, granularity distributing 
and using XRD and SEM techniques. The results indicate that carbide slag activity is improved by the ultrasonic 
process at 160 W for 3 h, and carbide slag after proper modification could be used to prepare pure xonotlite. Different 
ultrasonic times for carbide slag have great impact on the crystallinity and morphology of xonotlite. The xonotlite 
crystals made up of a large amount of spherical particles are successfully prepared under the conditions of initial 
CaO/SiO2 mol ratio of 1.0, water/solid weight ratio of 30, at 215 qC for 10 h. 
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1. Main text  
Carbide slag is an industrial waste produced by the calcium carbide hydrolysis to prepare C2H2 gas, 
PVC, etc[1,2]. Large amounts of carbide slag were accumulating in many chemical industries every year, 
polluting the environment [3]. Nowadays, people are becoming more aware of solid waste pollution and 
are seeking solution to a cleaner planet. Accordingly, comprehensive utilization of carbide slag is 
becoming an urgent issue. 
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Ultra-light thermal insulation materials of xonotlite are widely used in industry, such as steel structure 
fireproof, architecture, furnace of high-temperature industry and other thermal equipment, for its lower 
thermal conductivity, favorable high-temperature thermal stability and low density[4, 5]. The key point of 
the preparation of the thermal insulation material with favorable performance is to synthesize xonotlite 
crystal with good crystallinity and spherical structure [6, 7]. Carbide slag was modified by the way of 
calcination in previous study of our team[8], and the results showed that carbide slag calcined at proper 
temperature for certain time can be used as calcareous material to prepare xonotlite with well crystal and  
spherical structure. However, the modified way of calcination needs high temperature and complex 
pretreatment process, which would result in the restriction to popularization and application of the 
modified technology.  
Therefore, in order to improve the carbide slag activity and simplify the pretreatment process, effect of 
the ultrasonic process conditions on carbide slag activity was studied in this paper. At last, the modified 
carbide slag was used as calcareous material to prepare xonotlite crystal, hoping to provide a new and 
simple pretreatment process of carbides slag to the preparation of the products with low cost. 
1.1. Experimental Materials 
Carbide slag was used to prepare xonotlite as the calcareous materials, and its contents were given in 
Table 1. Silica fume with SiO2 >96% was used to prepare xonotlite as the kiesel materials. 
Qxalic acid was produced in Jinshan Chemical Reagent Corporation of Chengdu, in which the content 
of C2H2O·2H2O was more than 99.5%. 
The resistance of deionized water was 12 Mȍ. 
Table 1 Chemical contents of carbide slag (wt %) 
sample CaO SiO2 Fe2O3 Al2O3 MgO SO3 Loss on ignition others 
Carbide slag 65.57 2.36 0.42 2.23 0.16 0.89 24.64 3.73 
1.2. Experimental Methods 
1.2.1. Ultrasonic Modification of Carbide Slag 
A certain amounts of carbide slag were modified by using ultrasonic technology under the setting time 
and power. Carbide slag activity was characterized by testing sedimentation volume, erubescence time of 
phenolphthalein and distributing of granularity. 
1.2.2. Dynamic Hydrothermal Synthesis of Xonotlite Crystal  
The starting materials were mixtures of Ca(OH)2 (prepared by ultrasonic process at 160 W for different 
times) and silica fume (with a median particle diameter less than 75ȝm). These starting materials were 
autoclaved with stirring in a 1 liter reaction chamber. The hydrothermal treatment proceeded under the 
following conditions: CaO/SiO2 mol ratio of 1.0, water/solid weight ratio of 30, at 215 qC for 10 h. The 
process flow diagram for hydrothermally synthesizing xonotlite crystal is shown in Fig.1. 
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Fig.1 Process flow diagram for hydrothermally synthesizing xonotlite slurry 
1.3. Test
1.3.1. Test of Sedimentation Volume 
The main component of carbide slag emulsion is Ca(OH)2, so the test method of sedimentation volume  
of lime milk can be referenced to test that of carbide slag emulsion[9]. Carbide slag emulsion of 25 ml 
was put into measuring cylinder of 50 ml, and water was added to full calibration, then oscillated it for 10 
times. After standing for 30 min, the sedimentation volume was noted. 
1.3.2. Test of Activity Degree 
Oxalic acid solution of 2/3 molar percent with phenolphthalein indicator was poured into carbide slag 
emulsion with a certain molar concentration, meanwhile, time with stopwatch, and noted the time when 
the suspension represented red color. 
The principle of this method [9] is that at the beginning of the reaction, a majority of Ca(OH)2 can not 
dissolved enough to react with oxalic acid, so the reaction system represents acidity, namely 
phenolphthalein represents colorless. As the content of oxalic acid isn’t enough, the solution represents 
alkalescence after oxalic acid completely reacting, namely phenolphthalein represents red color. The 
reaction rate depends on the dissolution rate of Ca(OH)2, because this is the lowest procedure. Therefore, 
the dissolution rate of Ca(OH)2 in carbide slag emulsion, namely activity of it can be represented by 
testing erubescence time of phenolphthalein. Short erubescence time of phenolphthalein shows that 
carbide slag activity is high. 
1.3.3. Characterization of XRD, SEM and Granularity 
The crystal phase composition of the hydrothermally synthesized samples was characterized by X-ray 
diffraction(XRD)(Model D/max 2200V, CuKĮ, radition under 40 kv and 100 mA, Japan). Scanning 
electron microscope(SEM)( Model KYKY-1000B, operating at 25KV, China) was applied to observe 
their morphologies. Laser granularity analyzer was used to test granularity distribution of carbide slag. 
1.4. Results and Discussions 
1.4.1. Effect of Ultrasonic Power on Carbide Slag Activity 
Carbide slag emulsion was modified respectively by ultrasonic technology at power of 64, 96, 128 and 
160 W for 2h. Then sedimentation volume and erubescence time of phenolphthalein were tested. 
Dependence of sedimentation volume and time of phenolphthalein erubescence on ultrasonic power was 
shown in Table 2. 
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Table 2 Dependence of sedimentation volume and time of phenolphthalein erubescence on ultrasonic 
power 
No. Ultrasonic powder / W Sedimentation volume / ml Time of phenolphthalein erubescence / s 
1 64 17 144 
2 96 27 94 
3 128 34 71 
4 160 39 60 
The data in table 2 showed that sedimentation volume increased with the increase of ultrasonic power, 
and the time of phenolphthalein erubescence decreased with the increase of ultrasonic power, which 
indicated that carbide slag activity increased with the increase of ultrasonic power. 
1.4.2. Effect of Ultrasonic Time on Carbide Slag Activity 
Carbide slag emulsion was modified respectively by ultrasonic technology at 160 W for 0, 1, 2, 3, 4, 5 
and 6 h. Then sedimentation volume and erubescence time of phenolphthalein were tested. Dependences 
of sedimentation volume and time of phenolphthalein erubescence on ultrasonic time were respectively 
shown in Fig.2 and Fig.3. 
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Fig.2  Sedimentation volume varies with                   Fig.3 Time of phenolphthalein erubescence varies with ultrasonic time                                         
ultrasonic time 
The figures showed that sedimentation volume increased with the increase of ultrasonic time, and the 
time of phenolphthalein erubescence decreased with the increase of ultrasonic time, which indicated that 
carbide slag activity increased with the increase of ultrasonic power. However, sedimentation volume and 
time of phenolphthalein erubescence had little change when ultrasonic time exceeded 3 h, which indicated 
that prolonging ultrasonic time had little effect on carbide slag activity. 
When carbide slag emulsion was acted by ultrasonic process, innumerability of tiny air bubble was 
produced by alternate diversification of positive-negative pressure due to the ultrasonic cavitation. Huge 
power released by the instant high pressure of rupture of air bubble, which had great impact on surface of 
Ca(OH)2 in carbide slag emulsion, preferable dispersing agglomeration particles of Ca(OH)2 (shown in 
Fig.4). Meanwhile, contaminations of Ca(OH)2 surface were flaked away, and the fresh surface formed, 
which greatly improved the carbide slag activity. Moreover, the greater of the ultrasonic power and the 
longer of the ultrasonic time, the more significant of the cavitation and the high of carbide slag activity 
were. There were enough fresh surfaces of Ca(OH)2 when the cavitation reached a certain degree, so 
effect of prolonging ultrasonic time on the carbide slag activity was weakening. 
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Fig.4 Size distribution of original and modified sample of ultrasonic time for 3 h 
1.4.3. Effects of Ultrasonic Modification of Carbide Slag on Xonotlite Crystals 
XRD patterns of xonotlite synthesized from carbide slag modified at 160 W for different times are 
shown in Fig.5. From the figure it can be seen that XRD pattern of xonotlite synthesized from original 
carbide slag had more impure peaks, and diffraction peaks of  xonotlite were weak(Fig.5c). In comparison, 
XRD pattern of xonotlite synthesized from carbide slag modified at 160 W for 1 and 3 h showed more 
intensive diffraction peak of xonotlite (Fig.5a and b). Moreover, the longer of the ultrasonic time, the 
more intensive of the xonotlite diffraction peak was. It indicated that in the same condition of dynamic 
hydrothermal synthesis, xonotlite crystals synthesized from carbide slag modified by ultrasonic process 
were well developed. 
 
Fig.5 XRD patterns of xonotlite synthesized from carbide slag modified at 160 W for different times 
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SEM images of xonotlite synthesized from carbide slag modified at 160 W for different times are 
presented in Fig.6. From Fig.6a it can be seen that in crystals synthesized from original carbide slag, the 
spherical particles and superficial fiber were not distinctive. On the other hand, in crystals synthesized 
from carbide slag modified for 1 and 3h, particles with spherical structure were formed. However, 
particles with spherical structure synthesized from carbide slag by ultrasonic process for 1 h stayed in 
clusters (shown in Fig.6b), while the spherical particles prepared from carbide slag modified for 3 h were 
in the range of 10-20 m in diameter (shown in Fig.6c). 
               
Fig.6 SEM image of xonotlite synthesized from carbide slag modified at 160 W for different times: (a) ultrasonic for 0h; (b) 
ultrasonic for 1h; and (c) ultrasonic for 3h 
The XRD and SEM results illustrated that compared with original carbide slag, carbide slag activity 
could be improved by ultrasonic modification. After 3 h ultrasonic processing, plenty of Ca(OH)2 fresh 
interphases produced in carbide slag emulsion, which resulted in xonotlite crystals with well crystallinity 
and spherical structure were successfully prepared under the conditions of initial CaO/SiO2 mol ratio of 
1.0, water/solid weight ratio of 30, at 215 qC for 10 h. 
2. Conclusions 
(1) Compared with original carbide slag, the carbide slag activity could be improved greatly by 
ultrasonic modification. 
(2) Great ultrasonic power, long ultrasonic time, big sedimentation volume, and short time of 
phenolphthalein erubescence represented high activity of carbide slag. While with ultrasonic power of 
160 W, carbide slag activity changed slightly after ultrasonic time prolonging to 3 h. 
(3) Xonotlite crystals with well crystallinity and spherical structure were successfully prepared from 
carbide slag modified at 160 W for 3 h under the conditions of initial CaO/SiO2 mol ratio of 1.0, 
water/solid weight ratio of 30, at 215 qC for 10 h. 
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